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Radiation-Resistant Hybrid Lotus Effect for Achieving 
Photoelectrocatalytic Self-Cleaning Anticontamination Coatings 

Initial results are promising. 

Goddard Space Flight Center, Greenbelt, Maryland 


The first row of photos shows the Behavior of a Water Droplet's Contact Angle on superhydrophillic, 
normal, and superhydrophobic coated surfaces. Little or no change in the contact angles was observed 
following irradiation of the coatings by gamma-rays and high-energy protons. The bottom row of 
photos illustrates that radiation-resistant self-cleaning coatings also offer the potential to reduce ter- 
restrial and extraterrestrial cleaning requirements on surfaces while providing biocidal and spore-re- 
pellent features. 


An experiment involving radiation-re- 
sistant hydrophobic coatings is planned 
for space exposure and experimental 
testing on the International Space Sta- 
tion (ISS) in 2011. The Lotus biocide 
coatings are designed for supporting 
space exploration missions. This innova- 
tion is an antibacterial, anti-contamina- 
tion, and self-cleaning coating that uses 
nano-sized semiconductor semimetal ox- 
ides to neutralize biological pathogens 
and toxic chemicals, as well as to mitigate 
dust accumulation (see figure) . 

The Lotus biocide coating is thin (ap- 
proximately microns thick) , lightweight, 
and the biocide properties will not de- 
grade with time or exposure to biologi- 
cal or chemical agents. The biocide is 
stimulated chemically (stoichiometric 
reaction) through exposure to light 
(photocatalysis), or by an applied elec- 
tric field (electrocatalysis). The hy- 
drophobic coating samples underwent 
preliminary high-energy proton and 
alpha-ray (helium ion) irradiations at 
the Lawrence Berkeley National Labora- 
tory 88" cyclotron and demonstrated ex- 
cellent radiation resistance for a portion 


of the Galactic Cosmic Ray (GRC) and 
Solar Proton spectrum. The samples will 
undergo additional post-flight studies 
when returned to Earth to affirm further 
the radiation resistance properties of the 
space exposed coatings. 


This work was conducted by Edward W. 
Taylor of International Photonics Con- 
sultants and Ronald G. Pirich of Northrop 
Grumman for Goddard Space Flight Center. 
Further information is contained in a TSP 
( seepage 1). GSC 16117-1 
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© Improved, Low-Stress Economical Submerged Pipeline 

This technology can safely transport large quantities of fresh water, oil, and natural gas 
underwater for long distances. 

NASA’s Jet Propulsion Laboratory, Pasadena, California 


A preliminary study has shown that 
the use of a high-strength composite 
fiber cloth material may greatly reduce 
fabrication and deployment costs of a 
subsea offshore pipeline. The problem 
is to develop an inexpensive submerged 
pipeline that can safely and economi- 
cally transport large quantities of fresh 
water, oil, and natural gas underwater 
for long distances. Above-water 
pipelines are often not feasible due to 
safety, cost, and environmental prob- 
lems, and present, fixed-wall, sub- 


merged pipelines are often very expen- 
sive. 

The solution is to have a submerged, 
compliant-walled tube that when filled, 
is lighter than the surrounding medium. 
Some examples include compliant tubes 
for transporting fresh water under the 
ocean, for transporting crude oil under- 
neath salt or fresh water, and for trans- 
porting high-pressure natural gas from 
offshore to onshore. 

In each case, the fluid transported is 
lighter than its surrounding fluid, and 


thus the flexible tube will tend to float. 
The tube should be ballasted to the 
ocean floor so as to limit the motion of 
the tube in the horizontal and vertical 
directions. The tube should be placed 
below 100-m depth to minimize biofoul- 
ing and turbulence from surface storms. 
The tube may also have periodic pumps 
to maintain flow without over-pressuriz- 
ing, or it can have a single pump at the 
beginning. The tube may have periodic 
valves that allow sections of the tube to 
be repaired or maintained. Some exam- 
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pies of tube materials that may be partic- 
ularly suited for these applications are 
non-porous composite tubes made of 
high-performance fibers such as Kevlar, 
Spectra, PBO, Aramid, carbon fibers, or 
high-strength glass. 

Above-ground pipes for transporting 
water, oil, and natural gas have typically 
been fabricated from fiber-reinforced 


plastic or from more costly high-strength 
steel. Also, previous suggested subsea 
pipeline designs have only included 
heavy fixed-wall pipes that can be very 
expensive initially, and can be difficult 
and expensive to deploy for long dis- 
tances. A much less expensive Kevlar 
pipeline can be coiled up on a ship’s 
deck and deployed in the water as the 


ship moves. Support ships can be used to 
drop sand into conduits below the unin- 
flated tube, so that the tube remains in 
place when more buoyant fresh water 
later fills the tubes. 

This work was done by Jack A. Jones and 
Yi Chao of Caltech for NASA’s Jet Propulsion 
Laboratory. Further information is contained 
in a TSP ( seepage 1 ). NPO-47455 
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